Water is life and access to clean drinking water is a fundamental human right. For human health, drinking water standards and guidelines have been developed to ensure their quality. Waterborne parasites are a great challenge and cause many diseases for humans. Thus, continuous monitoring of drinking water from the competent authorities in search of pollutants is required. The safety of drinking water for the growing population can be ensured by the correct use of water treatment technologies. Cryptosporidium is the first parasite to cause concern to health officials in the world. Also, Naegleria fowleri causes fatal cerebral infection, Acanthamoeba species that cause both cerebral and corneal disease; and Giardia which has heightened world concerns because of its severity. This study is based on highlighting on drinking water quality guidelines and standards published by the World Health Organization and some countries, especially Egypt. A growing concern globally after the scientists revealed the effects of polluted drinking water. So, a large number of the population is at risk of water pollution for the purpose of human access to clean drinking water and other uses.
Introduction
Water is essential for human life. The world health organization has considered access to safe drinking water a basic human right to maintain human health. Therefore available drinking water must meet drinking water quality standards and does not pose any health risk over a life time [1] . Tap water and also potable water is drinking water that is provided for home use. It is clean and safe to drink or to use in food preparation and others [2] . Consumption of drinking water contaminated is one of the biggest threats to public health. Globally, about 1 to 2 billion people are suffering from a lack of safe drinking water and 30,000 people die every week from contaminated water, more than people died as a result of the war [3] [4] . The sources of drinking water available to the population are diverse and include; water supply network, surface water such as (lakes, rivers, streams, glaciers), groundwater sources (springs or wells) or precipitation (rain, snow) [1] . Springs are often used as sources for bottled waters [5] . Tap water, delivered by domestic water systems refers to water piped to homes and delivered to a tap or spigot. To ensure the safe consumption of any water source, it must receive appropriate treatment and be subject to drinking water quality standards [6] . Water quality is generally assessed by several aspects that affect its quality including; microbiological, physical, chemical (inorganic chemicals, organic compounds) and radiological characteristics and the effect of these characteristics on public health. Detailed water analyses should be carried out to ensure that drinking water should be clear, free from offensive taste or smell, free from chemicals or compounds contaminations that may have adverse effects on health or harmful in long term and free from pathogenic organisms. Most of the serious problems in drinking water especially in developing countries are mainly due to microbiological and chemical contaminations and microbial quality is usually the most important especially pathogenic parasitic contaminants [1] . Egypt is one of the middle-income countries that aim to improve the water supply to the households [7] . However, the delivery of water quality remains a constraint and challenge [8] [9] . Whereas, the delivery of improved water supplies is intended to reduce the burden of disease associated with the consumption of contaminated water, much of which is attributable to diarrheal disease [10] [11] . Government officials have blamed numerous outbreaks of diarrhea in recent years on water that was contaminated by poor pipe quality [8] [9] , as shown by the high bacterial counts at the water use point compared to the treated sites [9] , however, a scant study on drinking water contamination is a concern because of the poor quality of the pipes connecting households to water treatment facilities in Egypt [8] [9] . Studies show that improvements in water quality and increased water supply are effective in reducing morbidity caused by diarrhea [12] [13] [14] [15] [16] . This has been confirmed by a number of studies in Egypt that access to better quality water is associated with lower child mortality [17] [18] . In a 2017 WHO/UNICEF report [19] , 29% of the world's population (2.1 billion people) in 2015 lacked access to safe drinking water in their homes and therefore more than 3.4 million deaths from water-borne diseases, making them the cause of disease and death around the world. Most of these deaths are young children, about 4000 children a day. About half of the developing world's population suffers from some type of water-borne disease. From 2013 to 2014, water-borne diseases caused 289 illnesses, 108 hospitaliza-Open Journal of Ecology tions and 17 deaths in the United States. Pathogenic bacteria, viruses and parasites are the most common health risks associated with drinking water. Drinking water has a range of risks in the form of pathogenic parasites (such as protozoa and helminths) and if these parasites are not properly disposed of, they can pose a threat to public health and the environment [19] [20] . The highest priority and goal that all countries seek with the world health organization (WHO) by adopting standards and laws to keep water safe and clean to prevent the spread of the disease as water-borne diseases are the leading cause of death worldwide [7] . In this study conducted in Egypt in 2019, shed light on the risks of contamination of drinking water with pathogenic parasites and focus on some pathogenic parasites such as Acanthamoeba-with a list of some of the standards and laws available and adopted by some countries with emphasis on the Egyptian specifications of drinking water regarding the contaminated parasites of drinking water.
Waterborne Parasites
According to the safe drinking water act, the presence of any physical, chemical, biological or radiological substance or matter in drinking water means water contamination. These contaminants are harmful if their presence in water exceeds the permissible limits and poses a health hazard. The presence of organisms in water means biological contaminants. They may be called microbiological contaminants or microbes contaminants, such as viruses, bacteria and parasites [21] . Biological contamination is the most common and widespread health risk associated with drinking water, whether direct or indirect with the micro-organisms contained in faeces and by human or animal excreta. There are many different organisms have been identified as pathogens and can contaminate drinking water such as bacteria, virus and parasites, whereas, more than five million people die each year from contaminated water, of which 50% are microbial intestinal diseases such as cholera, which are the leading cause of death. Children under five years are most affected by waterborne microbial diseases. So, drinking water should be free from pathogenic microorganisms [1] . Water-borne diseases are diseases that are transmitted to humans or animals through water, which usually contain a proportion of pathogenic microorganisms. According to the World Health Organization, 1.4% of people who have suffer from diarrhea caused by contaminated water. Contaminated water (especially groundwater) kills 1.8 million people every year [22] . It is not easy to provide evidence of biological hazards especially with respect to protozoans and worms, as a result of any evidence must be subject to epidemiological considerations relating to two things of which the presence of many parasites with geographical distribution, and most waterborne parasites are transmitted in other ways, such as food and the direct spread from feces to the mouth [23] . According to the definition of the parasite by CDC [24] , is the living organism that lives in or on a host organism and gets its food from or at the expense of its host. There are three types of parasites; one of them is unicellular protozoa that live in intestine, blood or tissue. Open Journal of Ecology
The second is parasitic worms, such as tapeworms, round worms and finally external parasites like lice and mites.
Sources of Parasites Spread
Drinking contaminated water and eating unclean foods or undercooked meat is one of the most common sources of parasites. Eating these meats can lead to intestinal tapeworms. Drinking contaminated water can lead to scabies, a skin disease. Very strong and contagious, accompanied by severe itching and a rash that looks like pimples [25] . There are many diseases that cause unexplained weight loss, and parasitic infection is one of them. Tapeworms cause weight loss because a large intestinal worm is eating your food, and weight loss is often ac- 
Protozoa
Protozoa are free living and single-celled organisms that have the ability to reproduce in humans, allowing them to survive and develop, Where they live in the intestines of humans and transmitted from one human to another either through a fecal-oral route (contaminated water, food or person-to-person contact). But protozoa, which live in human blood or tissue are transmitted to another human by an arthropod vector (mosquito or sand fly) [24] .
Helminthes
Helminthes are visible to the eye in their adult stages and multicellular organisms that may be free-living or parasitic. Helminthes in their adult form cannot reproduce within a human [24] . Of human helminthes there are three groups: 1) Several species of protozoan pathogens may be transmitted to humans through the drinking water route associated with many health risks. The following protozoa and worms transmitted by drinking water in 
Pathogenic Protozoan from Drinking Water in Egypt
In Egypt, studies have confirmed the presence and isolation of many pathogenic parasites transmitted through drinking water, also, many studies have isolation and definition of these parasites from patients, as shown in [34] , Schistosoma mansoni [44] , Schistosoma haematobium [45] , and Taenia solium [46] . In this review, we will highlight on some parasite pathogens based on the abundance of information about the outbreak of the disease caused by the parasite and the severity of the disease, in addition to the difficulty of eliminating the parasite and it's widespread in the aquatic environment. Two parasites of free-living amoebae have been responsible for serious disease. Cerebral infection by Naegleria fowleri is strictly water-borne, and although rare is usually fatal. Acanthamoeba species cause both cerebral and corneal disease. Enteric protozoa may be found in water following direct or indirect contamination with human and animals' faeces. Two enteric protozoa causing severe disruption are Cryptosporidium parvum and Giardia.
Naegleria fowleri
Brain-eating amoeba is one of the rare parasites that enter the brain through the nose and consume its cells. This rare type of amoeba is called Naegleria fowleri because ordinary amoebas are a part of the natural system that feeds on bacteria and live in warm ponds and lakes. When people swim in warm, fresh water during the summer, people inhale through their noses naturally, making them reach the brain directly. These amoebas cause headaches, stiff neck and vomiting. These symptoms develop dangerously as the amoeba develops inside the brain and eventually reaches coma and then death [47] . Brain-eating amoebas live in freshwater or water that does not have minimal chlorination. It is not common to have amoeba detection tests, especially in summer when the water is 
Acanthamoeba
Acanthamoeba is a genus of protozoa. It is a microscopic amoeba widespread in the surrounding environment, where it is found in water in nature and treated water in ponds and heated baths, soil, air (in cooling towers, or heating, adaptation and ventilation systems), drainage systems, drinking water distribution systems especially in the heads shower and bathrooms. Most people will be exposed at some stage to this amoeba without any medical condition, but Acanthamoeba is capable of causing different infections in humans. Keratitis is an eye disease that usually affects healthy people and can lead to permanent visual impairment or blindness. Granulomatous amoebic encephalitis is a serious disease of the brain and spinal cord, usually in people with a weakened immune system. Keratitis occur when Acanthamoeba reach the eye of contact lens wearers, for example, when they wash the lenses under tap water or when they do not clean them adequately or wear them for a long time or while swimming. Pain is usually four to five weeks after the infection has occurred, where Acanthamoeba has already damaged the nerves of the eye. If the infection is detected early, the patient should continue to receive treatment for more than a year. Acanthamoeba infection can cause persistent visual impairment three weeks after it has occurred, and may even lead to complete vision loss [49] .
Granulomatous Amoebic Encephalitis
It is a very rare infection that can infect the skin, sinuses, brain and other organs of the body so the infection can cause a wide range of symptoms of the disease.
Diagnosis can be difficult and often fatal. Although early diagnosis and treatment may increase the chances of survival, the death rate is more than 95% [24] .
Symptoms of granulomatous amoebic encephalitis: headache, stiff neck or head and neck pain with neck movement, sensitivity to light, nausea, vomiting, tired, low temperature fever, behavioral changes, seizures, weight loss, partial paralysis, difficulties in pronunciation and a difficulty walking [50] . Open Journal of Ecology 
Cryptosporidium
Cryptosporidiosis is the diarrheal disease that causes by a microscopic parasite called Cryptosporidium. Both the parasite and the disease are commonly known as "crypto". There are many species of Cryptosporidium that infect animals, some of which also infect humans. The parasite is protected by an outer shell that allows it to survive outside the body for long periods of time and makes it very tolerant to chlorine disinfection. While this parasite can be spread in several different ways, water (drinking water and recreational water) is the most common way to spread the parasite. Cryptosporidium is a leading cause of waterborne disease among humans in the United States [1] . Symptoms of cryptospo- 
Giardia Lamblia
Giardiasis is one of the most common diseases transmitted by contaminated water, causing chronic diarrhea and malabsorption that make the patient in a deplorable state. According to the World Health Organization, diarrhea is the leading cause of death among children under the age of five, and Giardia is a widespread parasitic infection and is the most prevalent in the world, especially in tropical regions and poor countries suffering from poor health and living conditions. Children under the age of five appear to be the most vulnerable. Fifteen to 30 percent of children in developing countries under the age of 10 suffer from giardiasis. Infection with the parasite (in the form of invisible cysts by the naked eye) occurs through drinking contaminated water, eating contaminated food. Giardia parasite enters the body through the mouth to continue its way through the esophagus and then crosses the stomach without being affected by its juices. It settles in the duodenum attached to its inner lining and suffers from malabsorption syndrome in which nutrients, especially mineral salts and vitamins are wasted. If the Giardia parasite passes through the large intestine (colon), it surrounds itself with a thick bag that protects it from external conditions. The majority of people with giardiasis do not have any symptoms. The rest of them have giardiasis with a bundle of symptoms that vary from person to person. This diarrhea includes foul odor, excessive gases, upper abdominal pain, frequent burping, and lack of appetite. Violent vomiting occurs, but it is rare [24] .
Regulation of Drinking Water
Since ancient times, there are criteria for drinking water quality when the taste and smell of water change, and the treatment methods were boiling water or exposure to sunlight, filtering through coal to remove suspended substances (coagulation) during the Greek civilization. This was followed by the establishment of the first water supply network in Rome, Greece, Carthage and Egypt during the Roman civilization and a simple progress in treatment by filtering water through cloth [51] . In Scotland in 1804, the first public water facility was built to supply the city with filtered water. Sand filtration was regularly used in Europe. At this time, scientists realized that diseases such as dysentery, cholera and typhoid could be spread by pathogens in the public water supply [51] , and the microbiologist Antonie van Leeuwenhoek in 1676 for his discovery of microorganisms in water. But these microorganisms are not linked to waterborne diseases. In 1855, epidemiologist Dr. John Snow proved that cholera was a water-borne disease, and both scientists (Louis Pasteur, Joseph Lister and Robert Koch) confirmed the microorganisms transmitted through water [51] [52] . By the begin-Open Journal of Ecology ning of the 20th century, the main concern in water treatment was the elimination of pathogenic microbes using filtration. Disinfectants were used and chlorination became essential for the elimination of pathogenic microbes in water. United States of America was first used chlorine in 1908 as a major disinfectant and at the same time Europeans used ozone in treatment [51] .
International Standards of Drinking Water
The World Health Organization (WHO) has been active in issuing and developing water quality standards through its guidance. The first published report of drinking water quality guidelines and testing methods in 1958 and European drinking water standards in 1961. Guidelines for drinking water quality were issued in 1963 by WHO, followed by several guidelines for drinking water quality and development. In 1974, the United States established the US Environmental Protection Agency (EPA), which is responsible for setting drinking water standards as a result of growing concern about water-borne diseases [1] [53] . The drinking water quality guidelines of the World Health Organization (WHO) cover various aspects that cause harm to health, including physical, chemical, biological and radiological aspects. The World Health Organization (WHO) provides guidance to all the international community for use by governments to set their own national standards [54] . Consumption of drinking water contaminated with microbes is one of the biggest threats to public health. WHO has identified several properties that characterize pathogens transmitted by drinking water which are called waterborne pathogens [54] . There are several characteristics to judge water-borne pathogens: 1) Have the ability to grow in the environment-Cause acute and chronic diseases; 2) They often stick to suspended solids in water, and their concentration changes so that the risk of injury cannot be predicted from their average concentration in water;
3) The disease caused by exposure to the pathogens depends on the dose, invasion and virulence of the pathogen, and the immune status of person; 4) Have the ability to reproduce/multiply inside the host and can reproduce in foods, beverages, drinks or warm water systems, and this increases the risk of infection; 5) Pathogens do not show a cumulative effect unlike many chemical agents. Protecting public health is the main objective of the World Health Organization through its guidance that is useful in providing documented basics that are useful in setting national standards for drinking water quality, health risks and impacts associated with drinking water contaminants, best options for managing drinking water and disease prevention and control. International standards drinking-water (1958) is the oldest edition, followed by the second edition in 1963, the WHO did not established guidelines for parasites. WHO recommended guidelines for parasites starting in 1971 with the development of the following editions. In 1998, the WHO did not establish any new guidelines for the parasites. In guidelines for drinking-water quality [1] , the WHO established guidelines for the parasites. This edition considered many recommendations according to drinking-water safety including parasites hazards, which continue to be Open Journal of Ecology the important concern in both developing and developed countries. The following table shows the developing of drinking water standards for parasites according to WHO guidelines (Table 3) .
Egyptian Standard Specifications for Drinking Water
Due to the health problems facing Egypt caused by pollution resulting from population activities on the various components of the environment such as air, soil, food and especially water pollution. To ensure the health of the Egyptian citizen, Law No. 27 of 1978 was issued on the public resources for drinking water and human use, and the Ministry of Health became responsible to produce guidelines for drinking water in Egypt. The first drinking water standard was adopted in 1995 [55] .
The purpose of setting health standards for drinking water in Egypt is: 1) To be a guide for public health workers or officials to oversee the health of drinking water to ensure its validity; 2) The conformity of water in a country to international standards encourages international tankers such as aircraft and ships to supply water from airports and ports located in that country; 3) Encourage inbound and outbound tourism; 4) Drinking water/potable water is safe to drink or to human uses without causing health problems, and is usually supplied to the consumer either through the public network or the limited distribution network, while drinking water supplied through indoor plumbing for drink and home uses is tap water; 5) The Egyptian standards achieve the following objectives; make the water clear-free from color, palatable taste and smell-disposal of salts and harmful chemicals that limit the use of this water in human and industrial purposes such as iron, manganese, water hardness, etc. [55] . 
Potable Bottled Natural Mineral Water
Bottled natural mineral water, usually obtained from natural or etched sources, for example: rivers, springs, wells, etc. Egyptian Organization for Standardization and Quality [57] described that standards, and the preparation means to achieve their use in the plan to develop Egyptian standards with a view to upgrading to international levels and the preparation of research and studies related to international and regional organizations and others and follow-up the work of international technical committees of which the commission is a member projects to issue Egyptian specifications. 
Bottled Packaged Drinking Waters (Other than Natural Mineral Waters)
Bottled water other than natural mineral water is water intended for human consumption and may contain naturally occurring or intentionally added minerals. It may contain naturally occurring carbon dioxide or intentionally added but does not contain sugars, sweeteners, flavor enhancers or other foodstuffs. In 2005, Egyptian Organization for Standardization and Quality issued Egyptian standards (ES) No. 1589 on standard specifications to be met in bottled packaged drinking waters (other than natural mineral waters) and was adopted on No. 1589 of 2005 [61] , as the recommended that bottled packaged drinking waters (other than natural mineral waters) must be fit for human consumption and should be completely free of protozoa that are harmful to health and any non-bacterial microorganisms ( Table 6 ).
The Treatment of Drinking Water
Water quality control is a real challenge as water plays an important role in the transmission of parasite pathogens and making it more difficult that the most produce cysts, oocysts or eggs that are highly resistant to water disinfection and are difficult to remove some of them by filtration processes. However, parasite pathogens in drinking water can be greatly reduced by water treatments plants.
The most effective way to remove or inactivation of protozoal cysts and oocysts is filtration with coagulation and flocculation followed by disinfectants [1] . Filtration acts as a stable and effective barrier for microbial pathogens. Rapid filtration does not effectively remove microbial pathogens while slow sand filters can be very effective in removing microbial contamination from water. However, diatom filtration has been shown to be more effective in reducing the concentration of Cryptosporidium oocytes and Giardia [62] . However, [63] did not ensure that filtered water was free of water-related protozoa. Therefore, high levels of disinfection or more effective disinfection procedures were necessary to protect humans from waterborne protozoa such as Cryptosporidium and Giardia [64] .
Following filtration a disinfectant needs to be added to the water, and the ideal disinfectant must meet the following requirements: Effective in removing pathogens, produce a disinfectant residual, do not produce unwanted products, can be easily, safe to handle and suitable for large-scale use and be cost-effective.
Not all disinfectants currently meet all these requirements. Chlorine remains the main chemical used for this purpose worldwide. It is a powerful disinfectant and Bottled packaged drinking water should be free from pathogenic microorganisms.
Bottled packaged drinking water must be completely free from pathogenic microorganisms and protozoa that are harmful to health.
effective in short contact times as well as easy to apply. Nevertheless, it has several disadvantages: ineffectiveness against protozoa, loss of effectiveness [65] [66]. Jarroll et al. [67] determined that Giardia cysts had been relatively resistant to chlorine inactivation. Cryptosporidium is one of the most resistant microorganisms in the water. Chloramines include monochloramine and dichloramine and although it is a weak antiseptic, it is still used. Increasing water contact with disinfection by storing it before providing consumers is important for more resistant microorganisms, such as giardiasis [1] . Chlorine dioxide is an effective disinfectant against Giardia and Cryptosporidium (about 90% inactivation of cysts and oocysts), its biocidal efficacy is slightly higher than that of chlorine under certain conditions [68] .
Ozonization and ultraviolet disinfection are used as additional methods of disinfection. When used in combination with chlorination, they increase its efficiency and reduce the number of chlorine-containing reagents added [69] . Water entering the distribution system must be microbially safe and ideally should also be biologically stable. Drinking-water entering the distribution system may contain free-living amoebae and under favorable conditions, amoebae may colonize distribution systems and form biofilms. Immuno-compromised people may be at risk of amoeba from biofilms with adverse health effects [1] .
Conclusion
Access to safe drinking water is a fundamental human right. There is a need for safe drinking water to preserve life, maintain public health and reduce diseases. A growing concern globally after the scientists revealed the effects of polluted drinking water. It is estimated that more than 80% of diseases are caused by contaminated drinking water. This means that water is the main cause of most diseases, so, a large number of the population is at risk of water pollution, and for this, guidelines and standards for drinking water quality have been developed to ensure that people have access to safe drinking water. Drinking water quality guidelines and regulations are based on published scientific research on physical, chemical, biological and radiological aspects. The World Health Organization's drinking water quality guidelines are the international reference points for drinking water quality standards. These guidelines are not mandatory and therefore there may be differences in drinking water standards between different countries. In Egypt, 
